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ABSTRACT

-This thesis concerns developing a program that takes an .
aerial photograph, and a set of Digital Terrain Elevation
Data (DTED) that is defined over the area of the photograph,
and generates a synthesized view that represents what a
camera would see from a different location. The elevat:on
data points are grouped into triangular panels that are
projected to the reference image by three dimensional
transformation equations. Shading for the synthesized image
is determined From the reference image. The pixels of the
reference image that fall within a triangular panel are
collected and averaged. When a new observer location 1s
selected, the panels are projected to the new synthesized
image plare. A z-buffer approach and a polygon fill
algorithm were used to remove hidden surfaces of the
synthesized view.

This program is tested an both artificial and real data.
Other characteristics and performance measurements of the
program are alsc analyzed here. The quality of the syn-

thesized image from real data was affected by the low

resolutlion of the terrain elevation data, and yielded less t
desirable results than could be expected of a higher

resalutiliaon terrain model.
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I. INTRODUCTION

A. COMPUTER IMAGE GENERATION FROM AERIAL PHOTOGRAPHY

The main objective of this study was to develop a
program that takes a digital phctographic image ard a f1ile
of terrain elevation points defined over that image as
input, then produces as an ocutput a synthesized perspective
view. The synthesized view 15 a raotated 3-dimensional (20D
perspective representation of the original photographic
image. The main application of this study 1s to generate a
different perspective of a terrain model. This may be used
to generate different views that a pilot of an aircraft
could expect following different flight paths through the
same area. Further study may make 1t fFeasible to generate
synthesized images fast enough to simulate a real time 1mage
display of a flight for a missian briefing or to be used as
a training aid. Another applicaticon could be for training
men on optically guided missiles. With high resclution
1images, a flight path through a battlefield could be
simulated that would have all the visual characteristics of
an actwal flight without the expend:iture of a live missile.
The generation of a shaded image as a 30 picture provides
unique problems fFor 30 graphic displays. The data which
comprises a photographic image consists cf an array of

pixels, each of which has a defined grey level cr shade.
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There are 256 differert levels of grey that may be assigred
to a pixel. This study concerrns taking a phaotographic
perspective 1mage and a 2-d:mensignal (2D0) array cf eleva-
ti1cns defined 1n a grid covering the area of the 1mage as
LNpUtS. Tre grid of elevaticns, called the terrain model,
15 geametrically related to the photcocgraphic image through a
persgective projectior tramsformation that eguates the werld
ccordinates of the elevation points to the object ccor-
dinates of the 1mage. A synthesized i1mage from a different
gbserver lccaticn 1s then generated. The new synthesized
view should approximate what wowuld be seen by a camera from
the new cbserver position,.

The differences between the original amd synthes:zed
1mages will be affected by the resolution of both the
photographic image and the terra:in models. Higher resoclu-
ticn of the original models will result 1n a closer approx-
:mation 1n the synthesized 1mage. Another complication or
ambiguity arises when details which should show up in the
synthesi1zed view were not present 1n the origiral image. A
method must be devised so that 1t can fill 1n areas which
became visible 1n the synthes:ized i1mage that were hidden i1n
the criginal referermce image. The sclution to this hidden
surface problem 1s fFurther addressed i1n the discussigon cf

the grey scale referencing algorithm.[Ref. 1]

11
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B. TERRAIN ELEUATION AND PHOTOGRAPH AS INPUTS

In this study a high altitude aerial image of Moffett J

graph. The photographic 1mage was supplied by the Defense

\ Field, California was used as the ariginal reference photo-
|
I
)

Mapping Agency (OMA) amd had a resolution of approximately 1
meter per pixel. The terrain model correspcnding to the
reference image was provided as Digital Terrain Elevation
Data (DTED)Y by the OMA and consisted of elevatiaorn points
taken every secand of a degree change in latitude and
longitude. This gives an approximate resolution of 30
meters per elevation point in a north-south direction and 23
meters per elevation point 1n an east-west direction.

The synthesized view was restricted to a northerly

direction which simulates an aircraft flying from south to
north with the image plane perpendicular to the direction of
flight. To allow for different Flight patterns would
require development of an algorithm that would provide for
rotation aof the image coordinates which 1s beyond the scope
of this study. The main idea is to generate a synthesized

’ view that is rotated from the original photograph by

approximately 80° and explore the concepts of the algor:thms

required to do this. Although speed was not a major i1ssue,

‘ the s:ze of the terrain model was limited to a S0 x 50 grid

array, or 2500 data points, to minimize the time for

synthesized 1mage generation.
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C. ALGORITHM ISSUES

1. Grey Scale Referencing

To determine the grey scale values of the pixels
that make up our synthesized view, the terrain model 1s
fFirst divided 1nto triangular panels. The vertices of the
triangular panels are then mapped :ntc the original DMA
image using the perspective projection transformation that
projects georectangular coordinates into reference image
coordinates. The pixel grey scale values that fall within
the projected triangular panel are then averaged. The
average grey scale value 1s permanently assigned to that
particular parel. UWhen the synthesized image is constructed
the triangular panel 1s mapped to the new i1mage view and
filled with the assigned average grey scale value. In this
way the sample of pixels that fall within the triangular
panel are mapped from the criginal reference i1mage to the }
synthesized 1mage. This method of mapping the trianrngular

parnels to the synthesized i1mage alsao solves the problem of

LARN

b assigning a grey scale value to hidden surfaces of the ‘
e

E reference 1mage because they are autamatically assigned the
F value of the surrounding pilxels., Since the average grey

E scale value far a triangular panel 1s dependant upon the

resclution of the terrain model, the grey scale value

assigned to the hiddern surface will also be affected

CRef. 11.
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The smaller the triangular panels are, the smaller

v %

the area that must be collected and averaged in the original

[ v 3

AR AR P ALAANEL

1mage. This means a much better synthesized view can be
constructed that contains more of the attributes of the
original image. For this reason the resolution of the
terrain and reference image model is very critical to

obtaining an accurate synthesized view. Using the resclu-

tion of the terrain and image models used in this study, the

[ N

approximate number cof pixels that must be averaged 1n the
reference image for each triangular plane would be 1/2 (30m

x 23m)(1 pixel/m) = 345 pixels. This is very coarse and

I e 9

does not allow for optimal generation of the synthesized
view.
2. Hidden Surface Elimination

There are surfaces that may be discernible in the
reference image but become hidden in the synthesized view.
The z-buffer algorithm was used to accomplish the hidden
surface elimination. The z-buffer is an array that
contains the depth or distance to the observer location for

each pixel that is to be visible in the synthesized image.

As each triangular plarne is mapped to the synthesized view
the location and depth of each pixel within the plane 1s
determined. The depth of the pixel to be written at a
certain location i1s compared to the depth of any pixel that
may have been previously written to the same location. If

the depth or distance of the mew pixel to the observatian

- rEER.A N O _F_."_ . "a &8 AU A A L "mw x N SR o I el

"« T AN AL CNL A 2 2N N TPy Mt e a ENCIEE SN A A I
v L") ) L I B I N . .



-
a2

s

P A

S SO NAS Ry

P4

s :';“-'d‘:-

P Y

AR IS ]

o

L 4

N g
oSy, W,

AV gVa Ala Rlm Vs gla At a0 gis g€ Rt Al e, ato gl el aby b ‘all ek ‘el tal\ag safl o ¥ ol dal sal *al_tg 'at YAl " <ol Vol ..

point 1s shorter than the previous pixel, its depth 1s
written to the z-buffer and the grey scale value of the
pixel 1is placed i1nto the synthesized image. If the depth :1s
larger, no updating occurs and a8 new pixel is obtained 1n
the process. The z-buffer works very closely with the next
algorithm to be considered. C(Ref. 2, pp. 265-2671]

3. Polygon Fill Algorithm

Screen coordinates are generated for the three
vertices of each triangular panel as it is mapped tao the
synthesized image. Screen coordinates are designated as Ia
and JA values with the IR values representing the columns
and the JA values the rows. The location, IA,JAC0,0),
designates the upper left hand corner of the screen and the
maximum screen coordinate, IA,JA(S512,512), the lower right
hand carner. An active edge list (AREL) is generated by
computing a line between each of the translated vertices,
For each line, the IA coordinate corresponding toc the
maximum JA value of the line, the amount IA changes for each
one unit step of JA, and the total span of JA are stored
into the AEL. The three lines generated for each translated
triangular plane will form ancther closed triangle. By
using the parameters stored in the AEL the locaticn of
pi1xels enclaosed by the translated triangular plane can be
determined, and the corresponding array points within a
frame buffer are changed from a O to a 1.

(Ref. 2, pp. 76-79]
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After all of the enclosed pixels have been marked

SIS

A

-

within the frame buffer, the buffer is scanned row by row.

IfF a value of 1 is found, then the depth is calculated for

R &

that point and compared with the depth value stored i1in the

L W

z-buffer. If the depth value is smaller, that pixel is

¥y

% 3

located closer to the observer location and the grey scale

'ﬁ value For that pixel is written to the synthesized i1mage

d‘

> fFile. As can be seen the fill and hidden surface algorithms
wark together tc generate the new image. The implementation

of these algorithms are explained in further detail later.
In Chapter II there will be a discussion of basic
photographic geometry to develop an understanding of the
transformation equations necessary to map object coordinates
into image coordinates and for image plane rotation.
Chapter IIl will detail program considerations based on
image and elevation data as well as the algorithms used to
generate the synthesized view. Chapter IV will discuss
possible ways to improve the transformation program and
discussion of topics for possible further study. An outline
of the program is contained in Appendix A that gives a short
discussion of each subroutine as to its purpose, i1nput and
output, modules that called, and modules that reference the
subroutine. Appendix B contains the entire 30 transforma-

tion praogram.
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1. PHOTOGRAPHIC GEQMETRY

A. BACKGROUND

To understand many of the concepts used in this study, a
basic background 1n photcgraphic geometry 1s presented. The
relationship between the i1image space and object space 1s the
basi1s for manrny of the egquations that help to generate the
reference and synthesized images for visual display. The
object:ve of this chapter 1s toc present the concepts that
allow the transformation of 30 objects to a 20 image and the
parameters evclved.

1. Perspective and Parallel Proiection

A parallel projection 1s a projection in which the

projection lirmes from the object to the 1image plane never
converge. When an object 1s viewed by parallel project:on,
1ts si1ze would never change as the camera 1s moved closer or
further away. In contrast, a perspective projecticn has all
the projection lines fraom an object converge to a perspec-
tive center. A perspective projection imitates how we see
things. An example would be a picture of railroad tracks.
The tracks would appear to become closer together when

further away from the obhservation point. I~ a para.le.

orziectian the tracks wculd be the same distance agart a.l

9!

the e~t.re lergth. [Ref. 2, prp. 133-134:

S:nce a camera .s generally desigred to gphctogragh a

rather large area, .t 1nvolves perspecti.ve projecticn. e
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camera view represents what an cbserver would see starding
at the same location, and the 1mages generated are perspec-
tive i1mages. This means that the eguaticns used toc trans-
form the object space i1into the 1mage space must be perspec-
tive transformations.

2. Image Cgordinate Space

The 1mage plarne 1is the plane of the photograph to

which the aobject points are mapped. It has a 20 coordinate
system to which each point of a 3D object 1s tranmslated to
(Fig. 2.1). The indicated principal point (IPP) 1s the
center of the image plane and has the coordinates of
(x,4,0). The x, y, and 2z axi1s represent a right handed
plane and the perspective center (L) lies along a line
parallel to the z-axis; then a perpendicular line 1s drawn
from L to the 1mage plarme. The point at which this perper-
dicular line 1ntersects the i1mage plarne 1s called the
principal point (o). This offset of the principal point
from the [PP 1s compensated for in the transformation
equations by xo and yo. The focal length of the plane :.s
defired as the distance from the principal point to the
perspective center. For the 1mage plane coordinate system,
each object point (A) 1s graphed to a corresponding 1mage
plare point (a) located at (xa,ya,0), and the perspective

center cr focal point 1s located at (xo,yo,f). C(Pef. 3, pp.
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In generating a synthesized vi.ew, the perspecti.e

center may be placed at any locati:cn desired with referencs
toc the 1mage plane. It 1s therefcre desi:rable to select a
po:nt alcng the z-axis such that <o and yc become 0. This
will decrease the number of calculations required 1n
generating the synthesized view.

3. 0Objlect Cgordinate Space

The observer locati:on and each object point positicr

1s described i1n world coordinates, called gecrectangular
cocrdinates, of X, Y, and 2. The center of the earth 1s
given as (0,0,0), the 2-axis points directly to true north,
the X-ax1s points to the intersection of 0° Latitude ard C°
Longitude, and the Y-axls the 1ntersection of 0°® Latitude
and 90° E. Longitude. The principal or fccal point that
would describe the observer location 1n georectangular
coordinates 1s XL, YL, and Z2L. Each aobject point (A2
located 1n the cbject space :1s 1dentified by XA, YA, and 2A

as shown :n Figure 2.2. ([(Ref. 3, p. 1361

B. IMAGE PLANE ROTATION

To align the x, y, 2z coordinates of the 1image plare to
the desired viewing direction requires rotation about the X,
Y, ard 2 ax1s of the georectangular coordinate system. In
general to transform one 30 coordinate system requires a
matr:.:< multiplication of the form A = [MIB. The A repre-
sents a vector 1n the i1mage space with x, y, ard Z ccor-

dinates, ard B 1s a vectcr 1n the gecrectangular coordirate

13
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Fig. 2.1 Image Plane Coordinates (Ref. 3, p. 135)
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system with X, Y, and 2 components. This may be written as

X a b c X
g - d e £ Y (2.1
z g h 1 2
where
a b c CosxX CosxY CosxZ2
M o= d e F = CosyX CosyY Cosy2 (2.2>
g h 1 CoszX CoszY CoszZ2

This maps the vector X, Y, 2 to the image space x, y, 2.
The M matrix is derived from the definition of the direction

of a vector A given by

A
~ A A
— = Cosc 1 + CosP J + CosT k
|#]
A Ay A SN
= = ] + = + § =/ K 2.3

18] |#] 17

A
where 2, f, and k are unit vectors of the particular

coordinate system in which vector R is contained. The
guantities -, B, T are the angles that vector A makes with
the », y, and z-axis respectively. Since there are three
vector comperents i1n the X, Y, 2 system, each one must make
1ts own transformation into x, 4, and z and thereby forming

the 3 x 3 matrix of M. To trarslate x, y, z 1ntc X, Y, 2




the inverse of the M matrix is taken giving B = CMIA.

' [Ref. 3, p. 1391

If we can define three orthogonal vectors in georect-
angular coordinates as R, 8§, and T that would describe the
deélred viewing position of our 1image plane, the M matrix 1s

easily derived by

[ -
Sx Sy Sz

ISt 1S 18|

Rx Ry Rz
n = 2.4l
IR IRl |R|

Tx Ty Tz

T T T
T T T

Generally the image plane rotation is expressed in gmega
(w), phi (2), and kappa (k). The w is the rotation about
the X-axis, the @ is rotation about the Y-axis, and k 1is
about the Z2-axis. If we rotated first about the X-axis by
an angle of w radians, the terms of the M matrix wculd
equate as follows

CosxX = Cos(0°*) =1

CosyY = CosCw)

CosyZ = Cos(80°-w) = SinCw)

CoszY = Cos(w + 80°) = -Sin(Cw)

CoszZ2 = Cos(w)

NIRRT VYRR

AL 8 AL

All other terms equate to cos S0°* = 0, therefare the M

matrix becomes
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1 0 o)

Mn = O Caos(uw?l SinCwl (2.5)

0 -SinCw) Cos(uw)

Similarly a rotation @ about the Y-axis produces

Cos(8) 0 -SinCD)

M o= 0 1 0 (2.8l
SinC@) o] Cos(Cl)

and for a rotation k about the Z2-axis

Cos(k?2 Sin(k) 0
M = -Sin(k2 Cos(k) 0 2.7)
0 0] 1

By multiplying all three matrices together we derive the

overall M transform 1n w, @, and k,

Cos(®)Cos(k? Cos(wiSinCk) + Sin(wl)Sin(BliCos(k)
M= -Cos(8)Sin(k) Cos(wlCos(k) - S1in(wl)Sin(dl)S1in(k)
Sin(®) - Sin(wl)Cos(8@)

Sin(w)Sin(k) - Cos(wl)Sin(@liCaos(k)
SinCwilos(k) + Cos(wl)S1in(QXS1nik:
Cos(wlCos(®>

This 1s the general form of the matrix that maps the
georectangular coordinates to the 1mage plane. (Ref. 3, pp.

5387-6001



The general fForm of the transformation matrix 1s used to
initially map the elevation terrain model i1intoc the orig:inal
reference image. The w, 8, arnd k were supplied with the

i original DMA photograph and represents the rotation of the
reference 1mage plare with respect to the gecrectangular
cocrdinates at the time the picture was taken. When uwe
gernerate the synthesized view the image plane must be
rotated to the desired viewing angle of the ocbhserver
(northerly direction 1in particular). This means that a new
w, #, and k must be calculated, or by defining new 1mage
plane coordinate axes :n terms of the gecrectangular
coordinates, we can calculate the terms of the M matrix
directly using the preceding equaticns. This 1s discussed

further 1n the next chapter.
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IIT. ALGORITHM CONSIDERATIONS

In this chapter an i1n-depth analysis of the original
image anrd terrain data is presented. This includes how the
data was referenced, the size of the data files, how the
data was used, and how the elevation and image data compared
wlth one anrother. The process of translating from the
object space coordinates to 1mage space coordinates and then
to screen coordinates 1s cons:idered, and the egquations used
are given,.

The referercing, f1ll, and z-buffer algorithms alsc are
discussed 1n detail. How the data gernerated from these
algcrithms 1s used and put tcgether to produce the syn-
thesi1zed view wlll be presented. Any problems that were
encountered and the eventual soluticrs will be discussed 1n

the appropr:ate section to which they pertain.

A. REFERENCE IMAGE DATA

The picture of Moffett Field supplied by the Defense
Mapp.ng RAgency (OMAY, was 4993 by 4887 pixels 1 size and
came w.th both a left anmd right :mage. Cnly the left i1mage
«3s _.sed to generate the perspective views 1n this study.
Each 1~dividual pixel within the ori:ginal i1mage 1s desig-
~rated b, cocrdirates | and J, where [ 1s the pixel colomn

ard . 1s the scan row. The gecgraphic ncrtheast corner has
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the I, J coordinates of (0,0), and the southuwest corner
(4997,4939) .

The image display devices used were capable of dis-
playing images that were only 512 by 512 pixels 1in size,
therefore, the original image was divided into appropriate
blocks suitable for viewing called frames. Each frame
contains an image that is 512 by 512 pixels. The coor-
dirnates of each frame has a four digit I _Frame and
J Frame value, and is further identified as a left or right
(L or R) image. The I Frame and J _Frame coordinates are
designated in multiples of 512 which define the column and
row location of each frame. There are 10 frame columns and
10 frame rows with assigned coordinates of 0000 through
4608. To identify a particular frame of the DOMA image one
first designates whether it is a Left or Right image and
then give the I Frame and J_Frame coordinates. As an
example L0S121024 would designate a Left image from the
second column and third row. The first frame LOOO0000Q
starts in the southeast corner and the last frame L46084608
is in the northuest corner. The disparity between the
starting location of the frame coordinates and the [ and J
coordinates of the original image must be compensated for in
the equations that are used to determine the locaticn of

individual pixels within a frame image as shown later.

YA
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1. Oblject to Reference Image ITransformation

Every object point 1s converted from its 320 X, Y,
and 2 gecrectangular coordinates 1nto the 20 x and y 1mage
coordinates using the A = [(MIB equat:on discussed earlier.
The vecter from the perspective center to each object point )
is defined by (XA-XL), (YA-YL), and (ZA-Z2L). This vector 1s
mapped 1nto the reference 1mage plare coordinates cf x, y,
and z. Since every bector in the i1mage plarne 1s directed
from the perspective center or focal point to the i1mage
point (a), the z cogrdinate value is constant and equal to
the negative of the focal point (-f) of the camera. Using

these parameters the equation becomes

G

X=X0 a bc XA-XL

y-yo = K def YA-YL (3.1
-f g h1 2A-2L )
where K 1s a scale factor. From this transformation the ’
following equations are obtained »

x-xo = K fa (XA-XL) + b (YA=-YL) + c (Z2A-ZL)] (32.2) y
yg-yo = K [d (XA=-XL) + & (YA-YL) + £ (2A-2L12] (3.3)

-F = K [g (XA=XL) + h (YA-YL) + 1 (Z2A-2L>1 <3.4) ﬂ

Dividing the last equation i1nto the first two ard rear- E

rang.ng ylelds

27




— —_
a (XA-XL) + b (YA-YL) + c (2A-2L)

- F (3.5
g (XA-XL) + h (YAR-YL) + i (2A-2L)

fmmwmmwmww'v\“‘x' TR NIEINLR T WAUNTNRYAN NN Y Y
h
E X = X0

— —y

+

d (XA-XL) + 8 (YA-YL) + c (2A-2L)
y = ya - f (3.8)
g (XA-XL) + h (YA-YL) +« 1 (2a-2L)

+

where x and y are the 2D image plarme coordinates.[Ref. 3,
pp. 141-1423

The original parameters of the M matrix were
calculated from the w, 8, and k that were given by the DOMA
with the original photograph. These represent the physical
position of the image plane in relation to the georect-
angular coordinate system at the time the picture was taken.
The focal point was also supplied and is particular to the

camera that was used to take the griginal pheotograph. When

the synthesized image is generated, the image plane is

3 oriented to a position for the desired viewing angle, which
means that the parameters of the M matrix will change and
must be recalculated. The steps used to determine the
desired ocrientation of the image plane coordinates will be
discussed later in this chapter.

2. Reference Image to Screen Coordinate Transformation

Once the x and y image coordinates have been

calculated they are translated toc I amnd J values of the

c8

e L

.
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original image. This is accomplished using the affine
transform which represents a 20 into 20 coordinate transfcr-

mation. The equation that accomplishes this 1s derived from

el el

Jolb e e

where Cl and C2 are the values that translate the image
plane origin to the [ ard J coordinate system origin. They
are calculated by setting I and J to O and solving for x and
y. To get the desired transformation of the image coor-
dinates to I and J coordinates the inverse transform is

taken. CRef .3, p.5331

- —_— €3.82
J Jjm - k1l -1 3 y - €2

Again the original J, k, 1, m, Cl, and C2 were
supplied by the DMA with the original image. Equation 3.B
represents any general 2D intoc 2D transformation, and it is
used both to translate the origiral image plare coordinates
into the ! and J coordinates of the reference image and to
transform the image plane coordinates cof the synthesized
view into screen coordinates of IR, and JA.

The screen coordinates were assigred the parameters
A, which represents the columns, and JAR, which represents

the rows. The point IA,JAC1,1) 1s mapped to the upper left
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corner of the screen and IA,JA(S12,512) is the lower right
corner.

The screen coordinates represent the location of a
pixel within a frame. To convert I and J original coar-
dinates to IA and JA screen coordinates one needs to know
the particular frame cne is working in and compensate faor
the difference in the starting location of the frame
coordirnates and the original image coordinates. This is
accomplished by using the following equations,

l IA = (I - I Frame) (3.92
’ JA = (48388 - J Frame - J) (3.102

The I Frame and J Frame values must therefore hbe
given to determine the screen coordinates within a desired
frame. To allow flexibility in determining which frame
image would be used to extract the reference image, an
interactive input of the | Frame and J Frame coordinates was
appropriate.

3. Synthesigzed Image Plang Rotatign

For the synthesized views that were generated, the
affine transform parameters Cl1, C2, J, k, 1, and m that
would map the newly rotated image plane i1nto the screen
coordinate system were selected. Since the image plares 1n
the synthesized views were oriented for an ohbhserver looking
narth, the image plane coordinates were generated by cal-
culating the z-axis, which points south, from two gecrec-

tangular coordinate vectors calculated fFrom two different
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terrain data points along the same longitude line. By
taking the difference between the X, Y, and 2 coardinates a
third vector was formed that defined the image plane z-axis.
The image plane y-axis was calculated by using only one of
the terrain data points used to calculate the z-ax:is. By
taking the rnegative of the georectangular coordinates of the
terrain data point, a vector 1s produced that points
downward through the center of the earth. This was the image
plane y-axis. Once the z and y axes are calculated, the
cross product of y cross z was used to calculate the x-axis.

Figure 3.1 demonstrates the resulting image plane.

z
/

Synthesized
Image Plane

® Earth Center

Fig. 3.1 Synthesized Image Plane Coordinates

This 1mage plane coordinate system, from the

observers perspective at (0,0,-f), would have the x-axis

pointing left, the y-axis pointing down, and the z-axis

pointing directly toward the observer. The screen
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coardinates have the IA axis painting right and the JA ax:s
pointing down. Therefore, the new values of Cl amd C2 with
IAa, and JA equal to O were as follows:
| Cl = Maximum assigned x-image value (3.113
Cg =0 (3.12>
which aligned the image plare x,y(o,0) to the screen
caoordinates of IA,JAC0,0). The j, k, 1, and m values of the
transformation matrix were selected tc scale the i1mage plare
to the screen.
Having determined the three synthesized image plane
coordinate vectors in terms of gecrectarngular vectors, 1t 1s

relatively easy to generate the M =matrix parameters us.ing

Sx Sy Sz

ISt 1s) 1S)

M o= Rx Ry Rz

(3.13)
IRl IRL|R]

Tx Ty Tz

TAT T

rl

were §, R, and T are the gecrectangular coordinate vectors

e * LY
. . L
! MV ?

-
g

of the x, y, and z axes of the rotated image plane. This

defines the new transformaticn matrix that will be used to

,.
r . . .
R Al A A b,

PARMER

gererate the synthesized view by mappirg the gecrectangular

TASASS

vectaors of the terrain data i1nto the new 1mage plane.
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B. TERRARIN DATA

The Digital Terrain Elevation Data (DTED) suppl:ied by
the ODMA came as a rectangular grid of elevation data points.
Each elevatior data point was recocrded as an :rnteger wvalue
1 meters above sea level. If a particular elevation point
was urknown, 1t was assigrned a value of -32787 to assure
that 1t would not be confused with any valid elevation data
points. The rectangular terrain grid listed elevaticnr
pocints every one second of a degree change 1n latitude and
lorgitude. The southwest corner of the terrain grid was
defined as being located at 37° 22’ 47" N. latitude and
-122* 05' 03" W. longitude. From this reference pcint the
elevation data was laid out 1n 210 rows by 2339 columns. The
rows represented lines of constant latitude and the coclumns
lines of sonstant longitude. With this 1nformation the
northeast corner of the terrain gri:d was calculated as bheing
lccated at 37° 26’ 177 N. latitude anmd -122 01 '0O4" W.
lorgirtode.

1. Data Verificatign

The first problem was to compare how accurately the
elevation data matched up with the original i1mage data.
This required taking specific elevation poirts that uere
wrcwn to match specific image points, then translating the

gecrectangler coordinates of those elevation points to the !

and J ccordinates for compariscn to the ori:ginal 1mage. The
w, 8, ard k for the ™ mat::- toc transform georectangelar to
33
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image plane coordinates and the parameters for the affine
transform From image plane to original i1mage I and J
cocrdinates were supplied by the DMA with the original image
data.

To select specific elevatiaon points for comparison
required finding a method of distinguishing unique elevation
patterns that could match specific objects i1n the 1image.

The technigque used was to visually display the elavation
data as an i1mage. The elevation i1image file was produced by
assigning grey scale values to each elevation data point
wilith the lower elevations receiving the darker shades and
the higher elevations the lighter shades. UWhen the eleva-
tion 1mage was displayed as shown in Figure 3.2, a distinct
highway pattern emerged from which three intersections could
reascnably be distinguished. The three 1ntersection points
(shown as a, b, and c in Fig. 3.2) correspord to elevated
roads that crossed one ancther 1n the original image.

Orce the elevation points were selected for com-
pariscn, the approximate row and column of the elevation
data corresponding to the center of the i1ntersections was
determined. From the reference point of the terrain graid
there 1s a 1 second change 1n latitude and longitude for
each row and column which allowed the calculation of the
latitude and longitude for each of the three reference
elevation points. The latitude and longitude for each point

was converted to georectangular coordinates using a
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conversion program, then transformed to I and J coordirates
using the provided CMA parameters as explained earlier.
Each of the three elevation points mapped to within 10
pixels cf the criginal image 1n both the [ arnd J coordinate
directions. This equates to less than 1 second error 1n
latitude and longitude which was deemed precise encugh to

establish the correlation betuween the terrain and i1mage

data.
Fig. 3.2 Elevation Image
2. Elevaticn Line Crawing
By selecting a smaller area of the DTED data, a mcre
dist:i—ct picture could be studied. An intersection used to

veri1fy L1mage and elevation correlation was selected tc be

used as the reference image. A smaller rectangular set of
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terrain data that would map to the intersection, plus a

small section of the surrounding area, was extracted From
the reference terrain grid. This smaller set of terrain
data was taken from rows 71 through 739 and columns 172
through 183 of the terrain mcdel.

To verify that this set of elevation points would
appear like the desired reference image, a line drawing
1llustrated in Figure 3.3 was created using a commercial
graphics program called MOUIE.BYU (Ref. 4). This program
can generate a connected line drawing from a set of eleva-
tion data and allows rotation as well as magnification of
the drawing. To assure a sharp visual contrast, the
elevation data was magnified by a factor of 10 and the
drawing rotated to a useful viewing angle.

The results were not as desired whic an early
indication that the resolution of the terrain data may not
be adequate enough to generate a synthesized view that would
be a close approximation of the reference image. This was
further verified when the synthesized view was produced at a
later time. An artificial set of image and elevation data
was used to verify that the transformatiaon praogram func-
tioned as desired before generating synthesized views cf the
original reference image. The artificial elevation points
mapped 1nto the artificial image exactly way as the criginal
elevation data wculd map to the crigimal reference image.

The artificial reference image, shown 1n Figure 3.4,
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: was of a small square structure resting on top of a much
larger square structure. Selecting a large object for an
artificial reference 1mage would minimize the effects of the
low resolution of the elevation data. This prcocduced more

reasonable synthesized 1mages that demonstrated the perspec-

tive transformation more accurately. The results of the

after considering some of the algorithms used to generate

the synthesized view.

.
.
t
. transformation will be discussed Further cn in this cﬁapter
C. SPECIFIC ALGORITHMS
1. Image Referencing Algorithm
Due to the resoglution mismatch between the reference
image and the terrain data, a smaller subset of the terrain
model was selected. This would allaw the transfaormation of
smaller and more distinct images that could show the effects
of the program better. The desired terrain elevation paints

are extracted from the larger referernce terrain grid by

interactively selecting the proper rows and cclumns that

define those particular points. The program allows up to a A
1

S0 by S0 array of elevatiaon points to be extracted. This q
)

s1ze was chosen to limit the time required to generate a S
synthesized view. From the rows and columns, the latitude i
LY

and lorgitude 1s tabulated for each point, ard 1s then g
converted tc georectangular coordinates. The georectangular 3
N

coordinates are written to a file 1in row order from left to {
K

right and from bottom to top. The first set of coordinates !
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match the southuest elevation point, and the last set of
cocrdinates the northeast elevation point,

The georectangular coordinates of each terrain data
pcint 1s translated to [, and J criginal :mage ccocrdirates
using the camrera parameters supplied by the DMA. They are
further processed to [A and JA screen coordinates using the
I Frame and J Frame of the desired reference image. The [A
and JA cpordinates derived from the elevatign pcints will
now correspend to the A and JA ccordinates of the reference
image. Any four adjacert elevaticn points will definre a
rectangle which 1s divided into two triangular panels by
defining a8 line ccnnecting two oppesite corners. Once the
triangular panels aof the elevaticn points are defined i1n
terms of 1A and JA cocrdinates, the correspcnding pixel grey
scale values of the reference image that fall within the
same screen coord:inates of the triangular panel are col-
lected and averaged. ARAs seen 1in the example of Figure 3.5,
the calculated average grey scale value 1s placed :into a
File along with the three specific elevation points that
make up tre triangular panel. This procedure is repeated
urtil the entire terrain grid has been processed. Each
triangular panel represents a sample or average grey scale
value of the reference 1mage.

wWwhen the latitude, longitude, ard elevaticr cf the
new observaticn pcint :s :input 1nto the program, a new XL,

YL, and 2L 1s calculated that correspcnds ta the rew




perspective center. As explained earlier, the image plane
is rotated to the desired viewing angle, which changes the M

matrix parameters as well.

Point 3 Point 4
#2
#1
Point 1 Point 2
Triangular Average
Panel Points Grey Scale
#1 1 2 3 S1
#2 e 4 3 B2

Fig. 3.5 Triangular Panel Data File Structure

With these new parameters for the perspective transformation
equations, the georectangular coordinates of the terrain
grid are once again run through the perspective transfor-
mation, and the new IA and JA coardinates are calculated for
each point. These new IA and JA coordinates represent the
transformed elevation points as seen from the new observer
location., The next step is to take the same three elevat:ion
points that formed a triangular parnel :in the original
transformation, map them into the synthesized image file

using the new IA and JA coordirnates, and then fill them in
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with the assigned grey scale value. The mapping arnd fi1llinrg
process 1S explained 1n the next section.

c. Polugon Fi1l!l and Hidden Scurface Eliminatign

In the perspective transformation of the terrain
grid :ntc the synthesized :mage plare, some of the tri-
angular panels become partially or entirely hidder by cther
parels. To determire which pixels will be visible ard
trerefore written to the synthesized image and which pixels
are hiddern, the z-buffer algori:thm was used.

When the new cobserver locatior 1s 1nput 1nto the
prcgram, the XL, YL, and 2L gecrectangular coordinates are
tabulated. Using the gecrectangular coordinates previously
calculated for each of the terrain grid elevation points,
the distance or depth from the abserver location to the
elevation data points can be calculated by the follcocwing
equation

Depth = Square root((XL-XJ? + (YL-Y)? +(2L-2>%) (3.1%

The depth of the pixels within a triangular panel
were calculated by using the normalized plare equat:on that
defines the plarme of the triangular panel. The normalized
plane equaticn 1n 3D space 1s giver by

ax + by + cz = -1 (3.152
To sclve for the coefficients a, b, and c, the three e.eva-
tior pcints that specify a triangular parel are used, and
the <, y, ard z are replaced with IA, JA, and the Dept> =f

each elevat.or point. If the three points are (IR1l, JALl,

$1
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Depthl), (IA2, JA2, Depthe), and (IA3, JA3, Depth3), ther in

matrix form we have the following

IAl JAl Depthl a -1

IA2 JAz Depth?2 b - -1 (3.161
IA3 JA3 Depth3 c -1

Solving for the coefficients a, b, and c we have [Ref. 2, p.

2081
- s -
a IAl JAl Depthl -1
b =- 1R2 JAae Depth2 -1 (3.17>
c 1IR3 JA3 BDepth3 -1

The inverse of the elevation point matrix is
determined by calculating the adjoint, which is the trans-
pose of the cofactor matrix, and multiplying each term by
the reciprocal of the determirant [Ref. S, p. A-151. The
depth of each pixel within a tranformed triangular panel can
now be determined by using the IA and JA of the pixel in the
following equation.

Depth = - (1 + a (IA) + b (JA))/c (3.18>
Each triangular panel will have different a, b, and c
cocefficients, therefore the pixels within each triangular
panel will have a different depth than those from ancther
panel.

The z-buffer 1s a twoc dimensional array that 1s the

same size as the synthesized image of Sl12 by S12 pixels.
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When the IA and JA coordinates of a pixel 1s determined, the
depth is calculated and then compared to any previously
written depth in the z-buffer at that same coordinate
location. If the depth 1s smaller, it means that the p:xel
1s closer to the observer and would cover the previocusly
written pixel. The depth of the new pixel will then replace
that of the previcus pixel. The assigned grey scale value,
which 1s determined from the projected triangular panel in
which the rmew pixel is contained, is written to the syn-
thesized image at the calculated IA and JA coordinate
location. IfF the new pixel depth is larger then the
previous pixel depth, that means the new pixel is farther
away from the observer and would be covered by the previgus
pixel, In this case nao action is taken and the next pixel
1s pracessed. This procedure is continued until all the
pixels within each translated triangular panel has been
processed. (Ref. 2, pp. 2685-2671]

The IA and JA coordinates of the pixels i1in the
synthesized image are calculated from each transformed
triangular panel using an active edge list (AREL), J_ Bucket,
and frame buffer. The IR and JA screen coordinates of the
three elevation points that define a triargular panel are
used to generate the parameters of the AEL. Three lines are
formed that connect each of the three translated elevation

points and are i1dentified as lire 1, 2, and 3. A line 1s

Y43
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defined betwesn any twc points from which you can determine

B F IS VR BB

the IA associated with the maximum JA of the two points by

IA_INCPT = ( IA value of the maximum JA ) (3.1

How much IA changes for a one step change in JA is given by

IA(Point 2) - IAC(Point 1)
DELTA IA = (3.20)
JACPoint 2) - JA(Point 1)

which i1s the inverse slope of the line between the tuwo
points. The span of JA between two points is given by
DELTA_JA = JA(Point2) - JA(Point 1) (3.21>
For each line, the A coordinate that caorrespaonds to
the maximum JA value of the line, the amount IA changes for
each one unit step of JA, and the total span of JA is

determined and stored into the REL. After the line para-

meters are placed into the AREL, the lirme identification
number is put into the J Bucket, which is a one dimensional
array of size 512, at the same location as the maximum JA of
the line. In this way the J_Bucket acts as a pointer to the

lines stored in the AEL. If a previous line numbher has

already been written to that location, then the line i1dent-

o
3
L.

3
\j
X

q

ification number of the new line 1s placed intc the AEL and

is linked to that linme already residing in the J_Bucket. aAn

example 1s shown in Figure 3.6 where line #1 is referenced ;

-

by the J Bucket and line #2 is linked to line #1. The IA j

and JA coordinates of the pixel locations toc be mapped to 3

"2

* 4

the synthesized image are contained within the three lines i
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whose parameters are contained i1in the REL. If a line is
harizontal, the IA and JA coordinates of that lime are
located between the cther two lines and therefore does nct

need to be written to the AEL. [Ref. 2, pp.75-7812

J Bucket AEL For Lirne 1
Line 1A ey Delta Delta }— Line 2
#1 Incpt Ia JAa Ptr

i

1A —-— Delta Delta |-—{ Empty
Incpt IA JAa

AREL For Line 2

Fig. 3.6 Active Edge List Storage

The J Bucket is scanned from its maximum to minimum
coordinate value. If the J _Bucket contains a line pointer,
the parameters for that line are retrieved from the AEL as
well as those of any line it is linked to. Since we have
defined a triangle there will always be two lines to work
with. From the parameters of the two lines, the IA coor-
dinates that fall between them is calculated for each JA
scan line. A scan lime i1s all the columns (IA coordinates)
along a particular row (JA coordinate). As the JA coor-
dirnate is decremented by one, from maximum to minimum, the
J Bucket 1s checked to see if a new line has been added, ard
then the corresponding [A for each line 1s determined for
that JA value. Thaose IA values and any that fall between

them are mapped to the frame buffer.
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The frame buffer is a 512 by S12 array that 1s
initialized to 0. As the [IA and JA values are mapped 1nto
the frame buffer the coordinate locations matching the A
and JA values are changed from O to 1. This process
continues, and each time the JA scan line i1s decremenrted,
the DELTA JA parameters far each aof the two lines are also
decremented and the J Bucket 1s checked. If the J Bucket
contains another line pointer, then the line 1t references
will replace the line whaose DELTA JA has decreased to O.
wWwhen finished, the frame buffer will have recorded the IA
and JA coordinates for every pixel location within the
translated triangular panel. The frame buffer is then
scanned, and if a particular A and JA coordinate location
contains a value of 1, then the depth for a pixel located at
those same coordinates 1s calculated and compared to
previously tabulated depths 1n the z-buffer as explained
earlier.

This process 1s known as a polygon fill routine that
utilizes the z-buffer algorithm for hidden surface elimina-~
tion, I1f any part of a triangular panel, after going
trrough the perspective transformation, should map outside
the synthesized 1mage cocrdinate boundary, the entire panel
1s discarded and the next panel 1s processed. This 1s not a
satisfactcry solution and could have been corrected by
.mplement.ng a clipping routine that would allow part:al

triangular panels tc be mapped to the synthesized .mage.
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However, due to time constraints, a clipping routine was nct

incorporated 1nto the 30 transformation program,

0. SUMMARY

Using the artif:ci1al reference image from Figure 3.4 and
an artificial terrain grid that mapped to the same 1mage,
two synthesized views were generated. The first synthesizecd
view shown 1n Figure 3.7 was from an gbservation point
located at 37° 22°' 3C” N. latitude, -122° 01’ S8" W.
longitude, and an elevation of 110 meters. Figure 3.8
exhibits the next synthesized view that was produced fraom an
observation point of 37°* 20’ 0" N. latitude while main-
taining the same longitude and observer height as befocre.
This simulates viewing the object from further away. As
expected of a perspective view the cbject appears smaller.
The near view also demanstrates the perspective relationship
by the apparent taper from front to back. A third perspec-
tive view 1s depicted i1n Figure 3.8 from close :1n and at a
higher elevation. The observer location was from 37° 23°
30’ N. Lat:itude, -122° 01’ 589’'' W. Lorgitude, and a hei:ght
of 160 meters. This demcnstrates the visual effect of rot
displaying partial triangular parels i1n the image and why a
clippirg routine 1s needed.

The actual reference 1mage 1S shown 1n Figure 3.10 from
which the synthesized view displayed 1in Figure 3.11 was
generated. In comparing the reference image to the syn-

thesized view there 1s little resemblance. A closer
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synthesized view is seen in Figure 3.12 which gives a
partial representation of the reference image. The lack aof
detail in bath shading and the depicticon of features can be
attributed to the poor resoclution cof the terrain data (ap-
proximately 25 meter resoluticon) as compared to that of the
reference i1mage data (1 meter resclution).

To improve the quality of the synthesized view the
terrain data must be of a higher resolution. Having more
elevation data points over a given area, the fewer number of
reference 1mage pixels one must collect and average for a
triangular panel. The synthesized image will then maintain
a closer approximation to the various shades of the refer-
ence 1mage. The physical shape of an object also suffers
from poor terrain data resolution. The perspective trans-
Formation forms straight lines between translated elevation
points. This causes object distortion i1f the elevation
points do not fall exactly along the boundaries of\the
ahject. As an example, i1f a square box in the reference
1mage had only one elevation point defined on its surface at
the center of the box, then the synthesized image can not
reproduce the corners and edges of that box, anmd 1t would
appear distorted. For these reasons the closer the resolu-
tiogn of the terrain data to the resclution of the reference
1mage, the closer the synthesized view resemhles the refer-

ence 1mage 1n shading and shape.
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Fig. 3.7 aArtificial Synthesized Image 1

Fig. 3.8 Arti1ficial Synthesized Image 2
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Fig. 3.9 Art:ficial Synthesized Image 3

Fig. 3.10 PReference [mage

B e e

PO PPN WL L

. 7

. o -
e

.y e .
.'




2

1]
o]
[0}
E
: -
: go
g U]
; N
; o]
; 0
ke, : l
b n
E 4+
; C
l o
: n
1]
L
; ny
; -
HS .
: m
l .
: om
. —
: b
o]
~
[T
SaaANoNYY
SELLL, Coo
. ~ 4JJ\4...-<c- \\ r?f
e -4 -- . --l\n“ ) .-‘- L
S T v
-(- " i
RAARNS XA
\\ﬁ-\.\.ﬁ- T
LLEXTES R



T T T T P T TR T W TN W LW o N o T T T L AT R N Ny W g e m e T T

The 3D transformation program was developed to allow
tracing the flow of data easily. Much of the data was

written to files so that 1t could be printed out and

studied. This methocd of data storage required certain files

to be read many times as the synthesized i1mage was gener-
ated. The preogram execution would have been Faster if the
data had been stored i1n arrays that are easily passed
between the various modules. Anocther consideration that
would increase speed would be to decrease or eliminate the
interactive input required. This could be accomplished by
extracting the desired terrain data into a file and sepa-
rating the associated reference image before program
execution. This would require longer set up time but would
decrease the amount of data manipulation required by the

program and increase its overall speed.
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[u. CONCLUSIONS

GEMERAL

The 3D computer i1mage transformation from a photograghic
1mage was a difficult task to achieve satisfactorily. The
main objective was to develop a program that takes a grey
scale photographic 1mage, a set of elevation data points
def 1ined over that 1image, and generates a rotated synthesi:zed
perspective view. This goal was realized, but some areas
sti1ll need 1mprovement. The quality of the synthesized vieuw
1s Jjudged onr how well the grey scale values of pixels match
those of the original 1mage and how closely the translated
objects resemble the desired structure.

The resolution of the terrain model as compared tc the

resclution of the reference 1mage data, extensively affects

the synthesi:zed :1:mage quality. Depending on the contents cf

the reference 1mage, the required resolution of the terrain
model will wvary. If the 1image is of apen country, the
distance between elevationrn points may be large ard the
resuit may not suffer unacceptable degradation 1n the syr-
thesized view. If the image 1s of a city that has many
small distinct objlects such as buildings, then the resclu-
ticrm cf the elevat:gn points must be higher. Given a set of
elevat:cn data poirts, the questicn to be resolved 1s hcu tc
make the synrnthesized pivels relate to the reference :mage

better, and thus 1mprove tre quality cf the synthesized

S3




views? This question and alternative ways to improve speed

and program flexibility will be discussed.

R. GREY SCALE CORRELATION

There are a few possible methods to improve the shading
of the synthesized view to better match that aof the original
image. The translated triangular panels form very distinc-
tive lines or boundaries between areas of different shades.
It may be desirable to blend these boundaries by sampling
the pixels along both sides, replacing those pixels with an
averaged value. Another possibility would be to implement a
Gouraud or Phong shading algoritm [Ref. 3, pp. 323-3301].
This would help smooth the shade transition across the
boundary and result in a more smooth appearance.

Another method to improve grey scale correlation would
be tc develop a way to divide the triangular panels 1nto
smaller triangular areas before referercing the criginal
image. By having smaller triangular panels, smaller areas
of the reference image are sampled resulting 1in a btetter
approximation in the synthesized vieuw.

Only the left image of a sterec photographic pair ofF
1mages was used in this study. The right i1mage may conta:n
grey scale information of surfaces hidder 1n the left 1mage
view cr vice versa. By sampling both left ard right 1mages
and complementing them, some ambiguities may be resclved.

These suggestions will 1ncrease the number of calculat:i:gcns
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required to generate the synthesized view but may 1mprove

the quality of the synthesized vieuw.

C. PROGRAM SPEED AND FLEXIBILITY

Although speed was nct a prime cons:ideraticn 1n this
study, it would be desirable to generate synthesized views
as quickly as possible. To determine whizch subroutines
consumed the most CPU time the przgram was monitored while
runring the art.f:cral reference data set. Table 1 shcuws
trhe results aof trhe CPLU time used and the percentage cf the
tctal time for each subroutine called by the main program.
If a subroutine calls ancther sukrout:ine that time 1is
included 1n the calling routines CPU time. The subroutines
that required interactive 1nput were not measured. There-
fore, the total CPU time cannat be measured precisely.
However, the results obtained represent reasonable estimates
and demonstrate where the focus should be on improving
cverall speed.

Some suggestions have already been discussed on how to
improve the speed of the program, but cther methods also
exlist. Precconditioning the :nput data to eleminate i1nterac-
tive 1nput and using arrays 1nstead cf files were two
methods already presented. Trhe z-buffer 1s accessed several
times during synthesized view generation, If the z-buffer
could be :mplemented 1n hardware, the time regquiced for
processing of polygen fi1ll ard hidden surface eliminaticn

routires wculd be 1mproved.
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TABLE 1

» CPU TIME CONSUMPTION (IN SECONDS)

\
SUBROUT INE CPU TIME PERCENTAGE (%)
TER _CROP 1%.11 3.0S1
READIMAGE 3.23 2.072

: TER INTRP 0.04 0.026
REAL EL 0.07 0.045
TER_DMS 0.B69 0.443
IM_REF1J 0.338 0.25S0
IM_REFAUG 1.10 0.7086
AFFIN Q.04 0.0286
NEW IJ 0.80 0.513
NODE DEPTH 0.63 0.404
FILL 134 .80 86.467

]
TOTAL 155.89 100.0

The frame buffer is used and accessed in two different
areas of the program for each triangular panel translated.
It may be possible to eliminate this buffer by processing
each pixel as its IA and JA coordinates are determined,
instead of storing that information into the frame buffer
for later processing. Other polygon fill routinmes such as
seed f1ll algorithms or using fence registers may be faster
than the edge fill routine used in this program [(Ref. 2, pp.
80-861].

For program flexibility i1t would be desirable to be able

to adjust the i1mage plane of the synthesized view to any

desired angle. The program limits the image plane to a
noerthermn direction, To make the synthesized image plane
56 '
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ar: justable would require developing a method for rotating

the 1mage plane coordinates in terms of the gecrectangular
coordinates. This would improve the 30 transformation
program and extend its usefulness. Another program improve-
ment would be the incorporaticn of a clipping routire to
improve the appearance of partial synthesized views as
discussed 1n previous sections.

The i1deas used to develop this program were contrived
from fundamental concepts. Many areas were discussed that
could improve or enhance the basic implementaticn of the
program. The results that were obtained are encouraging and

could easily be used as the basis for further study.
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.mage glanme ~-axls.
fVEZS, Y O WEZY
ard Y VECZ: Tre , 1, ard 2 gecrectarg-.av
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the e-tracted elevat:on data points using the rew observer

b -
0
Rl
o
ot
(3
0]
3
(L
]}
ot
v
, .“," .'l "I ..l * r *

.
LI » ¥
"

™m
(r
T
M
Pl

¥1, Y1 armd 21: Gecrectangular ccordirates C

new 2hser-'er locatiaon.

r'r'['l Y"
LI

v
(]

FCCle: Ass.gned fccal lergth fcoo tre

<

PR

sgrthesized view.

PR St
.

Al a3 e g2

I, 2, Bl, EZ2, ;
arg¢ Z1, C2 Tre affi~e trarsfzrm cceff.zie-ts

-\.

ez Tre ~_mber 2fF rz.s zZf tre = LrazZ:i=z o~

)

ele. av.zZr Zdata Co.TLs r

LS

F.

A

27 2

r_'.l

Ko,

t
R
_al

A a'a &

-




{ 4
8] 1] 0 1] i
. o g, X 4. {
) 9] i) 1) i) A
Iy n n 0 )
{ > ['9 o ') )] J. G) ]
Q ot m () [1}] L) L. 1) B
1. 8] R - 1) 1) B
+ [L il} 0 i} [} U m
[o)] 0) G (} 1, (! .
a, m [i]] 4) il 1! 0 () o o)
0 +) £ m 4. D) i1} {) i)
1) I { i) r n . 4! - " - 8 (9}
n T ot o i) » { e 4 . o {
C tn 1] tn 1) r 4 i) - { 9 1, [
E ¢ [ La { {s it} G R Ls i} La 08 T
p] 0 A () - 0 . 1) 0 ) 4 3 L,
-~ o [. () - { ) . 0 (0] -4 ] () m )] 8]
9] +) - () i 3] B R - E U E [ 3 L. [$]
@] m 1] il m 0 U, W, [ 43 1)
- 4! L - 4) r - U q 1] C U {
u. 0 { 1) o i 1) h o} 0 0 0 0) ) U
O -4 {) m 0 m @] 3 U (8] t} ) 0
il] ) s hal () s i) Q +) +} §] 41 i}
L 8] il () m © 3 m [t 4) 0. {
Q) ke n n N n n N 3 £ 0 £ 3 £ i)} a. a
L] 13} i} - m X 0 - La L 0 Le it} - -4
E 4 L, a 0 ba ¢! n s 0 8} la 0 W, %
3 0 Ls s a Ly L] 13} G v '™ b, ' a
C 1¢] [ii] L. 1] L. [8] n r n T ] 1) k. ] —
L, m 1) m 1) n [ 8] [8 Ly { 1) 8} I
o)) ! ) 1 L m ) C ¥ m 0 m I a 1 1]
£ A A s} B £ L] " ~ (s il} s £ s R 0 f
= V) oM T S ) g} b 4 n » b T e
- G
n < 1}
n n [£9] 4)
C [1}] v i}
. ¢ o £ U v o
4! - (@) o} ¢ C C
) 4 (& m M ] .
() ) [ ] )
Ly - @] =< Q. - - - o
(@] ta ) n nJ nJ
m 13} i ni m T1
N L . m u - C 3. : 1 f
Z ] " (1)} -y ~ m .-
=3 [} x| prd ~— = Iy - . - . . . a
Z + . - - a ~+ o 3 - ™ o4 m -4 m - N
Ll 3 @ q m o ) o 0 et e ni n m m 0} v
- & I ) O T ST O o o i 3 I. 1 bl .




ngmwmwmwmmvw; LR AN VAN (R o AR AR e AR Sl aRh L AL AR A Mt P SR B A RS A | '.VT

YIMA: Image plare y cocrdinate.
DENOM: Derominator of the transformaticn
matris=.
IT2T: Total number of extracted elevat.zon
data points,
IR: Caounter.
17, SUERCLTIME NCDE DBPTH
a. Furnctigns perfocrmed
Calculates the distance from esach transfcrmed
elevaticn data pcint to the new gbserver lozation.,
o] Irnput
Y1, Y1, and Z2.: The georectangular cogordinates of
the new ohserver .iocatian.
IEMNDEM: Tre numbker of rcws 10 the extracted
glevation data points.
TENDIN: Tre mumker cf columns 1n the
ex«racted slevati:icn data polrts.
z Zotout
JEPTH: Array of the distarcee frcm the
trarsfocrmed elevatior Z2ata pocont
tz e newu ctserver lccat.om.
z Calling routires

e Zz.led routires
MNone,
c Poutire parameters
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£. Pcutire gparameters
Z EUFF: The z-buffer
L,ovL, 21, F2, .
Y2, 22, 3, Y3,
ard 23: Tre screen cocrdirates and Zegptth oF
the three eslevaticn goonts that
def.n2 a triarngu.ar care-..
Z CPTH: The distanzce 2f a pixel within a
triangu.ar panel to the rnew
chserver lccation.
c.i, Cle, C13,
ceL, C22, C23,
C3.., C3z, C33: Tre cofactcrs cof tre glare egqeoatic™
matro..
Cz7T Tve determ.-ate cf tre Zilame
Z25;.3L.C0 matrl o,
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A COEF, B CCEF,
and C CQOEF: The ccefficierts
equaticn,
1 ]

[CREY: Crey scale valce cf a triargelar

canel.

“lumerical des:ignaticn

elevatizon data pooirts
triargw.ar panel.

Mirmimem [# szreen coordinate cf
the thre=e elevaticn gcoints.,

Ma~-imum 14 screer zoczrdirate oZF

three elevaticn goints.,
Minimum JA screen coordinate ¢
three elevation gpoirts.
Marimum JA screen ccordirate
the three elevat.cr zocints.

The frame buffer.

Counters.,

L P S A SR IR T W I S P BEE I . . Te v Cmy ., . et - R I R S LT It T
e A S N A R SRS A AT AU A AEICACNSACS . A A AR LN

-

" ”
"oy, 0 'Y N b



=

T
[§]
t -

"
o

b
b
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peuwit fully legible reproduction

SUBRCUTIMNE FRAME FIL
a. Functions performed

Constructs an edge list frcm the three transformed

sicn pcints. These edges form the kcocundaries for a
gor FLLL rouetine The pr<els that are determined <o
Lithin tre trarsformed triangle are marked i1n the frame
ar.
= Irpout

NODE &, ICOE B,

and FMCIE C: The numerical desigrnaticn cf tre
three elevat:on data points trat
make a triangular panel.

e Array that contains the 1A screen
coordirates of the transfcrmed
elevation data points.

JA: Array that contairs the JA screen
caardinates of the transformed
elevat.on data pocints.

J Mal: "aximdm JA screen cocrdinate =f the
three elavaticn data points.

J MIr: Mirimnom JA screen ccordirate of che
trree elevac.cn data gocoints,

Z Sutput

Tparg. The frame buffer array.
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£. Poutine parameters

IOINERT. Tre mgtching IR zZzordirzcz b thes
ma. imuT JA zZoLirt cf oa line

CELTa I The amcurt 8 charges Sz 2 oz
stez Charge 17 JR.

CELTa The tztal A span cf a l.-e.

AEL . array containing tre parameters c=f
the three lires cf trarsfcrmed
tr:ang..ar panel.

vNCOEL and

XMNCDE 2: Designates the number of & ccer

dirmates between two lirnes for a g.ven
Je,

oX: Ind.catcr used tz determoirne e
direczticn in which the I8 zZoor-
dinates are ccunted.

~OCE Array containing the nurerizal
des.gnat:zcn =f tre trree slsnassizm
data Zcints.,

NwCOEL, ard

MCZEZ: Ces.gnatores for deter~."."3 re
e.evatl.cn girt Lrat CchialTs Lhe
wrghest Ja ralle Let.een t.C
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M HIGH and

N LOW: Used w.th NCZELD ard NCIDEZ2 for
detzrmining the righest JA calue
betweer tuc poirts.,

1T, Iu, IP ’

ard IS: Czourters,

J BUCKET: frray that zontairs $he lire number
designators referencing the AEL.

Il arnd I2: Used to determine the number aof IA
coordinatses to ke written tc the
frame buffer.

ICNT and LCNT: Counters fcr the J ELCKET.
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APPENDIX B
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3D-TRANSFORMATION PROGRAM LISTING

PROGRAM TRAN_3_D

THIS PROGRAM TAKES AN IMAGE AND ELEVATION FILE AND
CONSTRUCTSTHE REFERENCE IMAGE AND ELEVATION FILE.
FRCM THESE FILES A SYNTHESIZED IMAGE IS PRODUCED.

e
Qaaoaaoaoaan

BRI

CHARACTER ELFILE*13, IMFILE*13

BYTE IMAGE(512,512)

INTEGER IELEV2(50,50),IA(2500),JA(2500)
INTEGER IROW, LROW, ICOL,LCOL, IENDN, IENDM,
INTEGER IFRAME, JERAME

REAL X1,Y1,21,FOCUS,DEPTH(2500)

REAL Al,A2,Bl1,B2,Cl,C2,0MEGA,PHI,KAPPA

B

~ NI e

CALL INPUT( IROW,LROW, ICCL,LCOL,ELFILE, IMFILE,

. IFRAME, JERAME)

OPEN(UNIT=1,FILE=ELFILE, STATUS='OLD')

2 OPEN(UNIT=2,FILE='ZFIL.DAT',6STATUS='NEW',

- . ACCESS='DIRECT', RECORDSIZE=128,MAXREC=512)

- OPEN(UNIT=3,FILE='XYZ.DAT',6 STATUS='NEW',

. . ACCESS='SEQUENTIAL', FORM='FORMATTED')

OPEN(UNIT=4,FILE=IMFILE, STATUS='OLD',6 ACCESS='DIRECT',

. RECORDSIZE=128,MAXREC=512)

OPEN( UNIT=20,FILE='NODE.DAT',6 STATUS='NEW',

. ACCESS='DIRECT', RECORDSIZE=128,MAXREC=512)

OPEN(UNIT=21,FILE='IMAGES.DAT',6 STATUS='NEW',

. ACCESS="'DIRECT',RECORDSIZE=128,MAXREC=512)

CALL TER_CROP( IROW, LROW, ICOL,LCOL, IELEV2)

IENDN=LROW=IROW+1

: IENDM=LCOL=-ICOL+1

: CALL READIMAGE( IMAGE)

- CALL TER_INTRP( IENDN, IENDM, IELEV2)

N CALL REAL_EL( IENDN, IENDM, IELEV2)

CALL TER_DMS( IROW,LROW, ICOL, LCOL, IENDM) |

CALL IM_REFIJ(IA,JA, IFRAME, JFRAME, IENDM, IENDN) i
\
|

SN

.,

CALL IM_REFAVG(IA,JA, IMAGE, IENDM, IENDN)
CALL AFFIN(Al,A2,Bl,B2,C1l,C2)

CALL OBS_LOC(X1,Y1,21,FOCUS)

CALL NEW_IJ(X1,Yl,21,FOCUS,Al,LA2,Bl1,B2,C1,C2,
. IENDM, IENDN, IA, JA)
CALL NODE_DPTH(X1,Y1l,21,DEPTH, IENDM, IENDN)
CALL FILL(IA,JA,DEPTH, IMAGE, IENDM, IENDN)
CLOSE(1)
CLOSE{ 2)

LOSE( 3)

CLOSE( 4)

» CLOSE(20)

R %y
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CLOSE( 21)
END
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SUBROUTINE INPUT( IROW,LROW, ICOL,LCOL,ELFILE, IMFILE,
IFRAME, JERAME)

IROW : INITIAL ROW OF DESIRED AREA
LROW : LAST ROW OF DESIRED AREA
ICOL : INITIAL COLUMN OF DESIRED AREA
LCOL LAST COLUMN OF DESIRED AREA
ELFILE : ELEVATION DATA FILE NAME
IMFILE : IMAGE DATA FILE NAME
IFRAME : I FRAME NUMBER
JERAME : J FRAME NUMBER

CHARACTER ELFILE*13,IMFILE*13

INTEGER IROW, LROW, ICOL,LCOL, IFRAME, JFRAME

WRITE(6,*)' INPUT ELEVATION AREA DESIRED'
WRITE(6,*)'ENTER MINIMUM ROW NUMBER : '
READ( 5, 35) IROW

WRITE( 6, *)'ENTER MAXIMUM ROW NUMBER : '
READ( 5, 35)LROW

WRITE( 6, *)'ENTER MINIMUM COLUMN NUMBER : '
READ( 5, 35) ICOL

WRITE( 6, *)'ENTER MAXIMUM COLUMN NUMBER : '
READ( 5, 35)LCOL

FORMAT( I3)

WRITE( 6, *)' INPUT THE ELEVATION DATA FILE NAME : '
READ(5,45)ELFILE

WRITE(6,*)' INPUT THE IMAGE DATA FILE NAME : '
READ( 5, 45)IMFILE

FORMAT( A13)

WRITE( 6, *)'INPUT THE I FRAME NUMBER OF IMAGE : '
READ( 5,55 ) IFRAME

WRITE(6,*)'INPUT THE J FRAME NUMBER OF IMAGE : '
READ( 5, 55) JFRAME

FORMAT( [4)

WRITE(6,*)'*%**% WAIT APPROX. 1 MINUTE FOR SETUP*%kk%'
RETURN

END

Y Je de dk de K K e e d gk g de A K de ok e o e ok ok ek K R e e e ok ok o de e vk Tk gk e ok o ok e sk e e vk vk e e v e e e e o ok e

SUBRCUTINE TER_CROP( IROW,LROW, ICOL, LCOL, IELEV2)

THIS SUBROUTINE READS THE ORIGINAL TERRAIN GRID
AND CONSTRUCTS A SMALLER GRID OF THE ELEVATION
POINTS DESIRED.

CHARACTER SWLAT*8, SWLON*8,DELLAT*4,DELLON*4,
CHARACTER COLS*4,ROWS*4

INTEGER IELEV1(210,239),I1ELEV2(50,50), IROW, LROW
INTEGER ICOL,LCOL,JV(239)

THE VALUES OF JV, SWLON, SWLAT DELLON,DELLAT,COLS
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AND ROWS ARE IGNORED.

READ( 1, 5)SWLON, SWLAT, DELLON, DELLAT, COLS, ROWS
FORMAT( 1X, 2( A8, 2X), 4( A4, 2X))

DO 20 M=1,238

READ( 1,10)JV(M),( IELEV1(N,M),N=1,210)
FORMAT(I6,2x,20I6/(8X,2016))

CONTINUE

DO 40 N=IROW,LROW

DO 30 M=ICOL,LCOL

IELEV2(M+1-ICOL,N+1-IROW)=IELEV1(N,M)

CONTINUE

CONTINUE

RETURN

END

de Je de %k v d K g ek do ke ke k ke kR Kk e e ke e e ke e Kk ek ke ok ke gk ok e kb ok e ke Tk ok e sk ok ke gk ke ke e ke e ke e

SUBROUTINE READIMAGE( IMAGE)
THIS SUBROUTINE READS THE IMAGE DATA INTO AN ARRAY,
BYTE IMAGE(S512,512)

DO 10 IR=1,512
READ( 4, REC=IR)( IMAGE( IC, IR), IC=1,512)
CONTINUE
RETURN
END
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SUBROUTINE TER_INTRP( IENDN, IENDM, IELEV2)

THIS SUBROUTINE DETERMINES THE AVERAGE VALUE OF THE
ELEVATION DATA AND ASSIGNS THAT VALUE TO ANY UNKNOWN
POINTS

INTEGER IENDN, IENDM, IELEV2(50,50)
DATA NEXT, IEL, IAVG/0,0,0/

DO 20 N=1, IENDN
DO 10 M=1, IENDM
IF(IELEV2(M,N).EQ. =-32767)THEN
GOTO 10
ELSE
NEXT=NEXT+1
IEL=IEL+IELEV2(M,N)
END IF
CONTINUE
CONTINUE
IAVG=IEL/NEXT
CHANGE UNKNOWN ELEVATION VALUES TO THE
CALCULATED AVERAGE.
DO 40 N=1, IENDN
DO 30 M=1, IENDM
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IF(IELEV2(M,N). EQ. -32767)THEN
IELEVZ2(M,N)=IAVG
END IF
CONTINUE
CONTINUE
RETURN
END
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SUBROUTINE REAL_EL( IENDN, IENDM, IELEV2)

THIS SUBROUTINE CREATS A REAL FILE OF THE ELEVATIONS

INTEGER IELEV2(50,50), IENDN, IENDM
REAL AELEV(239)

DO 20 N=1, IENDN
K=0
DO 10 M=1, IENDM
K=K+1
AELEV(K)=IELEV2Z2(M,N)
CONTINUE
WRITE( 2, REC=N)(AELEV( INT), INT=1, IENDM)
CONTINUE
RETURN
END
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SUBROUTINE TER_DMS( IROW, LROW, ICOL, LCOL, IENDM)

THIS SUBROUTINE CONVERTS EACH ELEVATION POINT TO ITS

DMS EQUIVALENT. IT USES THE FACT THAT EACH ELEVATION

POINT REPRESENTS A ONE SECOND CHANGE IN LATITUDE

OR LONGITUDE FROM THE NEXT POINT.

REFERENCE POINT: LAT.037 DEG.:22 MIN.:47 SEC. NORTH
LON. ~122 DEG.:05 MIN.:03 SEC. WEST

OUR ELEVATION POINTS STAY WITHIN THE BOUNDS OF 037

DEGREES NORTH AND -122 DEGREES WEST, SO THESE VALUES

WILL BE ASSIGNED.

IMPLICIT DOUBLE PRECISION (A-2)

INTEGER IROW,LROW, ICOL,LCOL, IENDM, IL, JL

REAL X,Y,2,LATD,LATM, LATS,AELEV(239)

REAL LOND, LONM, LONS, HEIGHT

PARAMETER( RLATM=22. ,RLATS=47. ,RLONM=5. ,RLONS=3. )

LATD=37.
LOND=-122.
DO 20 IL=IROW,LROW
K=IL/60
LATM=RLATM+K
LATS=RLATS+( IL=-K*60)
IF(LATS. GE. 60. O)THEN
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LATS=LATS-60. O
LATM=LATM+1. 0
END IF
I1=IL-( IROW-1)
READ( 2, REC=I1)( AELEV( INT), INT=1, IENDM)
I=0
DO 10 JL=ICOL,LCOL
K=JL/60
LONM=RLONM-K
LONS=RLONS-( JL-K*60)
IF(LONS. LT. 0. O)THEN
LONM=LONM-1. 0
LONS=LONS+60. 0
END IF
LONM=-LONM
LONS=-LONS
I=I+1
HEIGHT=AELEV(I)
CALL DMS2XYZ(LATD,LATM, LATS, LOND, LONM, LONS,
HEIGHT, X, Y, 2)
WRITE(3,99)X,Y,2

99 FORMAT( 3( 1X,F17.7))
10 CONTINUE
20 CONTINUE
ENDFILE(3)
REWIND( 3)
RETURN
END
c
C Axhkhhkhhkhhkhhkhkrhkhkdhhhhkhkhdhhbhkhkhhkkrhkhrhkrhkhdrhkhbrhkhkhhbrhrkhkrhkhkhhhdkk
SUBROUTINE IM_REFIJ(IA,JA, IFRAME, JFRAME, IENDM, IENDN)
c
c THIS SUBROUTINE CONSTRUCTS THE I AND J COORDINATE
c DATA FOR EACH ELEVATION POINT AND THEN CONVERTS THEM
c TO SCREEN CCORDINATES AND STORES THEM IN ARRAYS
c IA AND JA.
C

IMPLICIT DOUBLE PRECISION (A-2)

REAL OMEGA,PHI,KAPPA,X,Y,2,X1,Y1,21,X0,Y0

RZAL XIMA,YIMA Al,A2,Bl1,B2,Cl,C2,FOCUS

INTEGER I,J,IENDM, IENDN, IA(2500),JA(2500)

INTEGER IFRAME,JFRAME, ITOT

DATA OMEGA,PHI,KAPPA/.8341764,-.4563699,3.0761254/
DATA X0,Y0,/0.000002,0.0/

DATA X1,Y1,21/-2693765.9,-4304520. 4,3859018.3/
DATA Al,A2/20.11323959,-6.022849824/ |
DATA B1,B2/6.016207940,20. T0938801/

DATA C1,C2/-34954.59484,-22566. 71593/

DATA FOCUS/0. 153197/ 3

ITCT=IENDN*IENDM
DO 10 IR=1,ITCT
READ( 4,5,END=20)X,Y,2
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FORMAT( 3( 1X,F17.7))
CALL PROJECT(X,Y,Z,OMEGA,PHI,KAPPA,X0,YC,6X1,Y1,21,
XIMA, YIMA, FOCUS)

CALL XY2IJ(XIMA,YIMA,I,J,Al,A2,B1,B2,Cl,C2)

IA( IR)=I1-IFRAME

JA( IR)=4999-JFRAME-J
CONTINUE
REWIND( 3)
RETURN
END
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SUBROUTINE DMS2XYZ( LATD, LATM, LATS, LOND, LONM, LONS,
LONS,HEIGHT,X,Y, 2)

THIS SUBROUTINE CONVERTS DMS DATA TO X,Y, AND 2
GEORECTANGULAR COORDINATES.

IMPLICIT DOUBLE PRECISION (A-2)

REAL PHI,LAMDA,N,X,Y,Z2,LATD, LATM, LATS

REAL LOND, LONM, LONS,HEIGHT
PARAMETER(PI=3.14159265358793238)
PARAMETER(C1=180. ,C2=60. ,C3=3600.)
PARAMETER( E_SQUARE=0. 006768658, A=6378206. &)

RADIAN=PI/C1l

PHI=( LATD+LATM/C2+LATS/C3)*RADIAN
LAMDA=( LOND+LONM/C2+LONS/C3) *RADIAN
N=A/SQRT( 1-E_SQUARE*SIN( PHI)*SIN(PHI))
X=(N+HEIGHT)*COS(PHI)*COS( LAMDA)
Y=(N+HEIGHT)*COS(PHI)*SIN(LAMDA)
2=(N*( 1-E_SQUARE)+HEIGHT)*SIN( PHI)
RETURN

END
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SUBROUTINE PROJECT(X,Y,2,0MEGA,PHI,KAPPA,XO,V0, X1,
Y1l,21,XIMA,YIMA,FOCUS)

THIS SUBROUTINE CONVERTS THE X,Y,2 GEORECTANGULAR
COCRCINATES TO XIMA AND YIMA WHICH ARE IMAGE
PLANE CCCRDINATES.

IMPLICIT DOUBLE PRECISION (A-2)
REAL W;.,V’Z M13,M21, M22 M23,M31,M32,M33,DENCX

REAL XIX YA,YIMA,X,Y,2,CMEGA,FHI , KAPPA
REAL XC,7Y0,X1,Y1,21, FOCUS
M12=COS(PHI)*COS(KAPPA)
IZ=COS(CHUEGA)*SIN(KAPPA)+
SIN(CNMEGA)*SIN(PHI)*COS(KAFPA)
VI3=SIU(CUEGAY*SIN( KAPPA) -
COZ(CMEZCA)*SIN(PHI)*COS( KAPPA)
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M21=-COS( PHI ) *SIN( KAPPA)
M22=COS( OMEGA ) *COS( KAPPA) -

SIN( OMEGA)*SIN( PHI)*SIN( KAPPA)
M23=SIN( OMEGA)*COS( KAPPA) +

s COS(OMEGA)*SIN( PHI)*SIN( KAPPA)
N M31=SIN(PHI)
> M32=-SIN( OMEGA)*COS( PHI)
e M33=CCS(OMEGA)*COS( PHI)
% C
) DENOM=M31*( X-X1)+M32*(Y~-Y1)+M33*(2Z2-21)
b XIMA=X0-FOCUS*(M11*(X~-X1)+M12*(Y=-Y1)+M13*(Z-21)),/DENOM
YIMA=YO-FOCUS*(M21*(X=-X1)+M22*(Y=Y1)+M23*(2-21))/DENOM
XIMA=XIMA*1000000
YIMA=YIMA*1000000
RETURN
END
‘f C
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:5 SUBROUTINE XY2IJ(XIMA,YIMA,I,J,Al,A2,B1,B2,C1,C2)
i c
. o THIS SUBROUTINE TAKES THE IMAGE POINTS XIMA,YIMA
s o ANC COMVERTS THEM TO I,J ORIGINAL IMAGE COORDINATES.
. c
- IMPLICIT DOUBLE PRECISION (A-Z)
5 REAL XIMA,YIMA,Al,A2,Bl1,B2,Cl,C2,DENOM
oS INTZGER I,J
¥ C
. DENCHM=A1*B2-B1*A2
N I=((XIMA-Cl)*B2-(YIMA-C2)*Bl)/DENOM
e J=={ (KIMA-Cl)*A2=( ¥YIMA-C2)*Al)/DENOM
- RETURN
- END
Xy c
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iy SUBRCUTINE IM_REFAVG( IA,JA, IMAGE, IENDM, IENDN)
.:_ C
. c THIS SUEBROUTINE CONSTRUCTS THE FILE THAT IDENTIFIES
i C THE ELEVATION POINTS THAT MAKE UP A TRIANGULAR PANEL
8 s AND ITS ASSOCIATED SAMPLED GREY SCALE VALUE.
. o
‘s IMPLIZIT DOUBLE PRECISION (A-2)
- REAL SLCPE,TINT
o 2YTE I¥AGE(512,512)
- INTEGER :;(25u3) JA(25C0),1Y,M,N, IGREY], IGREY2,L,L1
. INTEGER IENDM, IENDN,NOCL A,NODE_B,NODE_C,NCDE_D, IR
& INTEGER ::?;\:1,‘v3"NLh,-Iorl,-*omz
. c
P CO 97 I®=.,I1ENDN-1
= IL={ IR=1)*1ENDM
N DC 80 N=l+IL,IENDM=1+IL
N NOTE_A=l
A NIZZ_Z=Nel
. NODE =N IENDM
I"
.f
::- G5
"-
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£ SLOPE=( JA(NODE_C)=JA(NODE_B) )*1. 0/
*, ( IA(NODE_C)-IA(NODE_B))*1.0
YINT=1.0*JA( NODE_B)-SLOPE*IA(NODE_B)
s ITOT1=0 .
Yy ITOT2=0
4 ICOUNT1=0
> ICOUNT2=0
b DO 70 M=IA(NODE_B),IA(NODE_A) :
1Y=( SLOPE*M+YINT)
- DO 50 L=JA(NODE_B), 1Y
N ITOT1=ITOT1+IMAGE(M,L)
2% ICOUNT1=ICOUNT1+1
N 50 CONTINUE
") IF(M.LT. IA(NODE_A) ) THEN
DO 60 L=IY+1l,JA(NODE_C)
A ITOT2=ITOT2+IMAGE(M,L)
o ICOUNT2=ICOUNT2+1
< 60 CONTINUE
o END IF
70 CONTINUE
: L1=(N=-( IR-1))*2
N IGREY1=ITOT1/ICOUNT1
o IGREY2=ITOT2/ICOUNT2
a5 NODE_D=NODE_C+1
ol WRITE(20,REC=L1-1)NODE_A,NODE_B,NODE_C, IGREY1 .
o WRITE(20,REC=L1)NODE_B, NODE_D,NODE_C, IGREY2
= 80 CONTINUE
oA 90 CONTINUE
oy RETURN
:. END
: o
J'. C de de de de e T v Yo de ve % de de de v e de ok de e e v o s e ok ke ok e ok ok e ok b ok Y d e e ok de ok e ke e o v ok ke e ke e ok e ok e ok
' SUBROUTINE EXT_ORIEN(M11,M12,M13,M21,M22,M23,
- M31,M32,M33, IENDM, IENDN)
“ c
:3 C THIS ROUTINE DETERMINES THE M MATRIX PARAMETERS
%4 C FOR ROTATION OF THE IMAGE PLANE TO DESIRED
rot c LOCATION FOR VIEWING IN THE SYNTHESIZED IMAGE.
c
v, IMPLICIT DOUBLE PRECISION (A-2)
. REAL MAGN_X,MAGN_Y,MAGN_Z,X,Y,2
. REAL X_CORD(2500),Y_CORD(2500),2_CORD(2500)
Y REAL X_VECX,X_VECY,X_VEC2,Y_VECX,Y_VECY,Y_VEC2Z
il REAL Z_VECX,Z2_VECY,Z_VECZ
2 INTEGER IENDM, IENDN, ITOT, IP, IR
C
N
) ITOT=I1ENDM* IENDN
e DO 10 IR=1,ITOT
» READ( 3,5,END=20)X,Y, 2 .
WO X_CORD( IR)=X
) Y_CORD( IR)=Y
<7 Z_CORD( IR)=2
', 5 FORMAT( 3( 1X,F17.7))
> 96
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. 10 CONTINUE
0 20 REWIND( 3)
. Y_VECX=-(X_CORD(1))
Y_VECY=-( Y_CORD(1))
i Y_VECZ=-( 2_CORD(1))
< IP=ITOT-IENDM+1
A\ Z_VECX=X_CORD( 1)-X_CORD( IP)
, 2_VECY=Y_CORD(1)-Y_CORD( IP)
i Z_VECZ=2_CORD( 1)-2_CORD( IP)
c USE THE CROSS PRODUCT OF Y CROSS Z TO OBTAIN
C THE X VECTOR.
X_VECX=( ( Y_VECY*Z_VECZ)=-(Y_VECZ*2Z_VECY))
X_VECY=( ( Y_VECZ*Z_VECX)=( Y_VECX*2_VECZ))
X_VECZ=( ( Y_VECX*Z_VECY)~( Y_VECY*Z_VECX))
MAGN_Z=SQRT( ( Z_VECX**2)+( 2_VECY**2)+( 2_VECZ**2))
. MAGN_X=SQRT( ( X_VECX**2 )+( X_VECY**2)+(X_VECZ**2))
MAGN_Y=SQRT( ( Y_VECX**2)+( Y_VECY**2)+( Y_VECZ**2))
M11=X_VECX/MAGN_X
M12=X_VECY/MAGN_X
M13=X_VECZ/MAGN_X
M21=Y_VECX/MAGN_Y
M22=Y_VECY/MAGN_Y
M23=Y_VECZ/MAGN_Y
M31=Z_VECX/MAGN_Z
M32=2_VECY/MAGN_Z
\ M33=2_VECZ/MAGN_2
W RETURN
END
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SUBROUTINE AFFIN(Al,A2,Bl1,B2,C1,C2)

THIS SUBROUTINE ASSIGNS OR CALCULATES THE
COEFFICIENTS TO BE UTILIZED IN THE TRANSFORM FROM
IMAGE COORDINATES TO SCREEN COORDINATES.

Qoo aa

IMPLICIT DOUBLE PRECISION(A~2)
REAL Al,A2,Bl1,B2,C1,C2,XIMA_MAX,YIMA_MAX, I_MAX, J_MAX
DATA I_MAX,J_MAX/512.0,512.0/

W Ay

- XIMA_MAX=1600. 0
3 YIMA_MAX=1600.0
: C1=XIMA_MAX
. €2=0.0
Py A2=0.0
= B1=0. 0
" Al=-XIMA_MAX/( I_MAX*1.0)
7, B2=YIMA_MAX/( J_MAX*1.0)
, RETURN
END
< c
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s SUBROUTINE OBS_LOC(X1,Y1l,21,FOCUS)

~
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THIS SUBROUTINE CALCULATES THE NEW OBSERVER X1,Yl,21
LOCATION FROM DESIRED LAT. AND LONG. INPUTS AS WELL
AS PROVIDE THE FOCAL LENGTH. ;

Qa0

IMPLICIT DOUBLE PRECISION (A-2)
REAL LATD, LATM, LATS, LOND, LONM, LONS, HEIGHT i
REAL X1,Y1,21,X,Y,2,FOCUS ) f

LATD=37.0 ,
WRITE(6,*)' INPUT OBSERVER LATITUDE IN-MINUTES(REAL):' 5
READ( 5,5)LATM
WRITE(6,*)' -SECONDS( REAL): '
READ( 5, 5)LATS
LOND=-122.0
WRITE( 6, *)' INPUT OBSERVER LONGITUDE IN-MINUTES(REAL):' ]
READ( 5, 5)LONM
WRITE(6,*)' -SECONDS( REAL): ' !
READ(5,5)LONS ‘
5 FORMAT(E5. 1) -
WRITE(6,*)' INPUT OBSERVER HEIGHT-METERS(REAL): '
READ( 5, 10)HEIGHT
10 FORMAT(F6. 1)

FCCUS=0, 015
CALL DMS2XYZ(LATD,LATM, LATS, LOND, LONM, LONS,HEIGHT, - f
. X,Y,2)
X1=X
Yl=Y
Z21=2
RETURN
END ¢
C
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SUBROUTINE NEW_IJ(X1l,Y1,21,FOCUS,6Al,A2,B1,B2,C1,C2,
IENDM, IENDN, IA, JA)
c )
C THIS SUBROUTINE COMPUTES THE NEW IA AND JA SCREEN 9
C COORDINATES FROM THE GIVEN OBSERVER LOCATION. '
C
IMPLICIT DOUBLE PRECISION (A=-2) 3
REAL X1,Y1,21,FOCUS,M11,M12,M13,M21,M22,M23,M31 N
REAL X0,Y¥0,X,Y,2,XIMA,LYIMA,6Al,6A2,B1,B2,Cl,C2 N
REAL M32,M33,DENOM
INTEGER IENDM, IENDN, ITOT, IR, IA(2500),JA(2500),1.J
DATA X0,Y0/0.0,0.0/ 9
o 3
ITOT=IENDN* IENDM X
DO 10 IR=1,2500 o,
IA(IR)=0 A
JA(IR)=0 !

10 CONTINUE

CALL EXT_ORIEN(M11,M12,M13,M21,M22,M23,M31,M32,M33, {
) IENDM, IENDN) .
L9
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DO 20 IR=1,ITOT
READ( 3,15,END=30)X,Y, 2

15 FORMAT( 3( 1X,F17.7))
DENOM=M31*( X-X1)+M32%(Y-Y1)+M33*(2-21)
XIMA=X0-FOCUS*(M11*(X-X1)+M12%(Y=-Y1)+M13*(2-21))/
. DENOM
YIMA=YO-FOCUS*(M21*(X-X1)+M22*(Y-Y1)+M23*(2-21))/
. DENOM
XIMA=XIMA*1000000. O
YIMA=YIMA*1000000. O
CALL XY2IJ(XIMA,YIMA,I,J,Al,A2,B1,B2,Cl1,C2)
IA(IR)=I

3 JA(IR)=J

20 CONTINUE

V) 30 REWIND( 3)

RETURN

END
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SUBROUTINE NODE_DPTH(X1,Y1l,21,DEPTH, IENDM, IENDN)

s R 8 K

THIS SUBROUTINE CALCULATES THE DISTANCE OF THE
TRANSLATED ELEVATION PCINTS TO THE NEW OBSERVER
LOCATION.

Qoo a0

IMPLICIT DOUBLE PRECISION(A=-2)
REAL X1,Y1,21,DEPTH(2500)
INTEGER IENDM, IENDN, IR, ITOT

Fe¥e¥e"aa's ¥ A

ITOT=1ENDM* IENDN
5 DO 10 IR=1,ITOT
: READ( 3,5, END=20)X,Y, 2
5 FORMAT( 3( 1X,F17.7))
DEPTH( IR)=SQRT( ((X1-X)**2)+((Y1=-Y)**2)+((21-2)**2))

10 CONT INUE
20 REWIND( 3)

RETURN

END
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SUBROUTINE FILL(IA,JA,DEPTH, IMAGE, IENDM, IENDN)

THIS SUBROUTINE DETERMINES THE HIDDEN SURFACES AND
CONSTRUCTS THE TRANSLATED IMAGE. A Z_BUFFER IS USED
TO HOLD THE COMPUTED DEPTHS FROM THE OBSERVER TO THE
GEOGRAPHIC POSITION. A PLANE EQUATION IS CONSTRUCTED
FROM THREE ELEV. POINTS. THIS EQUATION IS USED TO
DETERMINE THE DEPTH OF ALL POINTS WITHIN THE PLANE.

o
N

aaaoaaoaooaoa Q0

¢ IMPLICIT DOUBLE PRECISION(A=-2) -
: BYTE IMAGE(512,512)
REAL DEPTH(2500),2_BUFF(512,512),X1,X2,X3,Y¥1,Y2,Y3
g REAL 21,22,23,2_DPTH,C11,C12,C13,C21,C22,C23,C31
]

99
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REAL C32,C33,DET,A_COEF,B_COEF,C_COEF

INTEGER IGREY,NODE_A,NODE_B,NODE_C, I_MIN, I_MAX, J_MIN
INTEGER J_MAX,FRAME(S512,512),IA(2500),JA(2500), IENDM
INTEGER IENDN, IR,I.J,K,L, IPLANES

FIRST DETERMINE THE NUMBER OF PLANES AND INITIALIZE
THE Z_BUFFER AND IMAGE TO O.

Qoo

IPLANES=( ( IENDM-1)*%2)%( IENDN=-1)
DO 20 K=1,512
DO 10 L=1,512
IMAGE(L,K)=0
Z_BUFF(L,K)=0
10 CONT INUE
20 CONTINUE

DETERMINE THE COEFFICIENTS OF THE PLANE EQUATION
FROM THE THREE ELEVATION POINTS.

Qoo

DO 70 IR=1, IPLANES
READ( 20, REC=IR)NODE_A, NODE_B, NODE_C, IGREY
X1=IA(NODE_A)

Y1=JA(NODE_A)
Z1=DEPTH{ NODE_A)
X2=IA( NODE_B)
Y2=JA( NODE_B)
22=DEPTH( NODE_B)
X3=IA(NODE_C)
Y3=JA(NODE_C)
23=DEPTH( NODE_C)

c DETERMINE THE COFACTOR ELEMENTS

Cl1=((Y2*23)-(Y3%22))

Cl2=-( (X2*23)-(X3*22))

C13=((X2*Y3)-(X3*Y2))

C21=-((Y1*2Z3)-(Y¥3*21))

C22=( (X1*23)=(X3*21))

C23=-((X1*Y3)-(X3*Y1))

C31=((Y1*22)-(Y2*21))

C32=-((X1*22)=(X2%21))

C33=((X1*Y2)=(X2*Y1))

CALCULATE THE DETERMINANT

DET=(X1*C1l1l)+(Y1*C12)+(Z1*C13)
THE COEFFICIENTS ARE DETERMINED FROM MULTIPLYING

THE reciprocal of the determenant with the
transpose of the cofactors called the adjoint.

aaaaoaaa a0

A_COEF==-((C11+C21+C31)/DET)
B_COEF=-((C12+C22+C32)/DET)
C_COEF=-((C13+C23+C33)/DET)

IF(C_COEF.EQ.0.0)GOTO 70

DETERMINE THE MAXIMUM AND MINIMUM VALUES TO TEST

--------------
‘‘‘‘‘‘‘‘
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o FOR THE FILL ALGORITHUM.
o
I_MAX=MAX( IA(NODE_A), IA(NODE_B), IA(NODE_C))
I_MIN=MIN( IA(NODE_A), IA(NODE_B), IA(NODE_C))
J_MAX=MAX( JA( NODE_A), JA(NODE_B), JA(NODE_C))
J_MIN=MIN( JA(NODE_A), JA( NODE_B),JA(NODE_C))
IF( I_MIN.LT.1.0R. I_MAX.GT.512)GOTO 70
IF(J_MIN.LT. 1.OR. J_MAX. GT. 512)GOTO 70
c
o CLEAR THE REFERENCE FRAME BUFFER AND CALL THE
C FRAME FILL SUBROUTINE.
o
DO 40 L=I_MIN, I_MAX
DO 30 K=J_MIN,J_MAX
FRAME(L,K)=0
30 CONTINUE
40 CONTINUE
CALL FRAME_FIL(NODE_A,NODE_B,NODE_C,FRAME, IA, JA,
J_MAX, J_MIN)
DO 60 J=J_MIN, J_MAX
DO SO I=I_MIN, I_MAX
IF( TRAME( I,J). EQ. 1)THEN
Z_DPTH=-( 1+( A_COEF*1)+(B_COEF*J))/C_COEF
IF(2Z_BUFF(I,J).EQ.0.0.0OR. Z2_DPTH. LT. Z_BUFF( 1, J))THEN
Z_BUFF(I,J)=Z_DPTH
IMAGE( I, J)=IGREY
END IF
END IF
50 CONTINUE
60 CONTINUE
70 CONTINUE
DO 90 J=1,512
WRITE(21,REC=J)( IMAGE(I,J),I=1,512)
90 CONTINUE
RETURN
END
o
c de dr de de de ek de o de de ok Fe K vk Fo ke e e de de ok e de sk vk Tk kT o e e gk vtk de W v de g e e ok ke de Y T ke e v e e e e o
SUBROUTINE FRAME_FIL(NODE_A, NODE_B,NODE_C, FRAME,
1A, JA, J_MAX, J_MIN)
c
c THIS SUBROUTINE CONSTRUCTS AN EDGE LIST FROM THE
C THREE NODES PASSED IN THE ROUTINE. THESE EDGES
c ARE USED IN A POLYGON FILL ROUTINE USEING A FRAME
o BUFFER AND Y_BUCKET
IMPLICIT DOUBLE PRECISION(A=-2)
REAL I_INCPT,DELTA_I,DELTA_J,AEL(3,4)
REAL XNODE1,XNODE2,DX
INTEGER NODE_A,NODE_B, NODE_C, FRAME( 512,512), IA(2500)
INTEGER JA(2500),J_MAX,J_MIN,NODE(4),1S,NODE1l,NODE2
INTEGER N_HIGH,N_LOW, IT,IU,J_BUCKET(512),1IR,I1,1I2
INTEGER ICNT, LCNT
c
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DO 10 IS=1,512
J_BUCKET( IS)=0

10  CONTINUE

- DO 30 IS=1,3

DO 20 IR=1,4

AEL( IS, IR)=0.0

- 20 CONTINUE

hh 30 CONTINUE

' NODE( 1)=NODE_A
" NODE( 2 )=NODE_B
L NODE( 3 )=NODE_C
o NCDE( 4 ) =NODE_A
o DO 40 Is=1,3

& NODE1=NODE( IS)
[

NODE2=NODE( IS+1)
IF( JA(NODE1l). GE. JA(NODE2) ) THEN
N_HIGH=NODE1l
N_LOW=NODE2
ELSE
N_HIGH=NODE2
N_LOW=NODE1
END IF
I_INCPT=IA(N_HIGH)
DELTA_J=( JA(N_HIGH)-JA(N_LOW))
IF(DELTA_J. EQ. 0. 0)THEN
GOTO 40
ELSE
DELTA_I=-( IA(N_HIGH)=-IA(N_LOW))/DELTA_J
END IF
A IT=JA(N_HIGH)
v IU=J_BUCKET(IT)
N IF( IU. EQ. O)THEN
W J_BUCKET( IT)=IS
ELSE
AEL(IU, 4)=1IS
END IF
AEL(IS,1)=I_INCPT
AEL(1S,2)=DELTA_I
AEL(IS,3)=DELTA_J
40 CONTINUE
I1T=J_BUCKET( J_MAX)
IU=INT(AEL(IT, 4))
XNODE1=AEL(IT,1)
XNODE2=AEL( IU, 1)
DX=XNODE1~-XNODE2
IF(DX. LE. 0. 0)THEN
I1=NINT( XNODE1)
I12=NINT( XNODE2)
ELSE
I1=NINT(XNODE2)
I2=NINT( XNODE1)
END IF
DO 50 IR=I1,1I2
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FRAME( IR, J_MAX)=1
50 CONTINUE
AEL(IT,3)=AEL(IT,3)-1.0
AEL(IU,3)=AEL(1IU,3)-1.0
ICNT=J_MAX-1
LCNT=J_MIN
DO 70 IS=ICNT,LCNT, -1
IF(J_BUCKET(IS).EQ.O)THEN
XNODE1=XNODE1l+AEL(IT, 2)
XNODE2=XNODE2+AEL( IU, 2)
ELSE IF(AEL(IT,3).LE.O.O)THEN
IT=J_BUCKET(IS)
XNODE1=AEL(IT, 1)
XNODE2=XNODEZ2+AEL(IU, 2)
ELSE

IU=J_BUCKET(IS)
XNODE1=XNODE1+AEL(IT,k 2)
XNODE2=AEL( IU, 1)

END IF

DX=XNODE1l-XNODE2

IF(DX. LE. 0. O)THEN

I1=NINT( XNCDE1l)
I2=NINT( XNODEZ2)
ELSE
I1=NINT( XNODE2)
IZ=NINT( XNODE1l)
END IF
DO 60 IR=I1,12
RAME( IR, IS)=1
60 CONTINUE
AEL(IT,3)=AEL(IT,3)-
AEL(IU,3)=AEL(IU,3)-
70 CONTINUE
RETURN
END
Cc
C ek g ks g dk ok ke ke ok ok e e ok ok ok ke de ok ok e e e e sk o e e ok e e ke e ke ok ke e ok ok e e ok ok ok ek ok ok e e e ok ok
C %k dod ek de ok ok ok e de de ok ok e e o ok e ok ok v ek ok ok ok e e ok ok ek ok ok e ok e ok e e e ok ok e e e ok
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